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ABSTRACT 

Design tools used for Instructional planning pan be - 
described in terms of ^inputs, outputs, ma jor components, and their 
interrelations. The outputs are course leng'th; student flow; and 
requirements for resources, such as facilities, material, personnel, 
and dollars. The inputs are the teaching institution, learners for 
whom the course was , designed,, and the course objectives. The major 
steTps in planning the design are to characterize learners in terms of 
teaching methods and techniques, to stat6 a general instructional 
policy after the analysis of learner populati<Hi, and tp analyze ifhe 
curriculum. From these steps, specific strategies are deyelope^based 
on design criteria, local resources, and student loads.. (Four rigu yes 
of the design process are included. ) (BRB) 
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PREFACE 

This is the first of four Interrelated reports contributed to a 
symposium held during the American Educational Research Association 
Convention in Chicago during the first veek in April 1972. The other 
reports in the group are: . * 

I R-1019-PR, A deoiaion Process for Developing Strategies of 
Instruction^ by Polly Carpenter 

R-1020-PR, A Structured Questionnaire for describing Learning 
Eoents in a Cqt4rse of Study ^ by Rudy Bretz 

R-1021-PR, A Hodel for Implementing Instructional Strategies 
Applied to Specific Courses^ by Robert L, Petruschell and 
Polly * Carpenter 

2ach of these, except the contribution by R. Bretz, is an abridged ver- 
sion of a more comprehensive and detailed report. The abridged versions 
will be of interest to ths general reader; the detailed reports are in- 
tended to assist those actually involved in the design process. 

The symposium discusses an approach to the design of instructional 
systems developed by the Rand team under sponsorship of the Air Force. ^ 
The design methodology is intended to be sufficiently general in nature 
that it could be used by education planners in any school situation. 
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THE PROBLEM 

Many new ways of teaching and much Instructional technology have 
b^en developed and validated for their contributions to effective in- 
struct ion, yet these innovations have seen but little implementation^ 
In existing teaching institutions. One of the prime reasons for this 
Is that planners of instruction, even vhen they are not also burdened 
with the task of classroom teaching, are (1) not sufficiently faMliar 
with the new systems to plan their Implementation and (2) lack tools to 
' assist them in planning the implefiientation of those systems with which 
they are familiar. 

At present the Implementation of innovations in the process of in- 
structibn at a teaching institution arises primarily from the efforts of 
a few people who believe that some particular strategy of instruction or 
application of new instructional technology will be more effective than ^ 
methods already in use* If such people succeed In convincing school - 
personnel of the merits of their positionj they must either go through 

f g lengthy design process with very little to assist them besides their 

♦ 

own convictions, or thc^ must effect the change through trial and error. 
Their efforts, of necessity* will be directed, primarily by intuition 
' and subjective judgment. More effective or less expensive instruction 
may result, but there is no assurrace that it"^ is as effective as it 
could be, .no assurance that other strategies could not be used along 
with the one of primary interest, no assurance that^more desirable com- 
binations of techniques, operating .prociadures, personnel,- materials, and 

* , , * * _ » 

equipment have not* been ^overlooked. ^. 

It would be desirable for changes in instruction no longer to be- 
one-shot responses to some researcher's peV theory. Instead, change 
should be a continuous feature of an^, viable institution that, serves the 
social, economic, and 'technological needs of the future. The objective 
* of the research- we shall describe today is to f aeilltate change by de- 
veloping a kit of tools for the design of systems for. instruction.* These 
tools will permit the education planner ^rapidly to assess the utility of 
a particular instructional approach. If the approach then appears to 
have unacceptable flaws, he may quickly construct Imd assi -s an .alterna- 
tive approach. By providing this kind of xfeedback, the process will help 



assure that many promising approaches are "tried out/' so to speak, be- 
fore one Is chosen fov actual implementation. 

As suggested, the design of instruction draws primarily on the Judg- 
ment of people in- the schools-judgment that is shaped largely by the 
schools* facilities, equipment, operating practices, and materials, and 
by available personnel* The tool kit helips the planner Co externalize 
"these Judgments so that they may direct design in an orderly fashion. 
^Thus, the professional experience of the educator becomes an Integral 
part of the design process^ In addition, the current state of affairs 
is such that somCfeiBares that are crucial to the design of instruction 
are not explicitly considered before teaching is actually under way. 
The tool kit also helps the planner take such characteristics into 
accouQt in designing his course by providing a checklist of items that, 
should be thought about. '^^^ 

We term these toots because every^ attempt has been made to avoid 
prescribing who Is to be taught^what and hew. Instead, given that the 
planner has established his own general policies on these matters, the 
tools should help him to "get there from here." This is a tool kit 
because each tool supplies something that tan be used by the others. 
Even so, each tool is useful in its own right because each externalizes 
and delineates features of the Instructloxul process that direct teach- 
Ing in the classroom or workshop* 

Whom do we see as the users of these tools? Ultimately, they should 
be people in the schools who are responsible for the selection, design, 
and implementation of new Instructional progxams* Such people are found 
in the administrative' offices of large school districts, in such military 
counterparts as the training research lippllcatlons group^ in the Air 
Force, and in the teams that develop instructional systems for firms in 
the education Industry. Hopefully, as tools are more* fully developed 
for Instructional system design, people of these kinds will be able to 
tailor instruction more precisely to the needs of learners' and schools. 

This work has been supported by the Air Force, la which we find a 
wide variety of ins,tftutlons for education and tra^tilng — from training 
pilots to pursti^t of higher degrees. To assure the relevance of the de- 
sign methodology to? all of these schools, we have directed our efforts 
toward applications that will be of use to a varied audience including 
also those In elementary and secondary education and vocational training. 



THfi GENERAL APPROACH . . 

The purpose of this Symposium Is to describe several of the tools 
to make them more accessible to people ln>^lved with the theory and 
practice of Instructional system design and to provide a vehicle for 
critical comment. The tools we, shall discuss are key elements In ih€ 
set of methodologies fdr planning and designing instructional 'systems. 
The overall process of instructional system desi^ will now be described 
to provide a/%ramework for the Symposium. The process ^Lll be described 
In terms of Hnputs, outputs , major components » and' their int%rrelati|>n8. 

A description of the outputs will illustrate the direction of our 
efforts in specific terms. They are the following characteristics of 
an instructional system: course length; student flov, as a function 
of time during the course; and requlremencs for resources » "such as fa- 
cilities » material, equipment, personnel, and dollars (see Fig. 1). 
The outputs will also show variations in resource requirements during 
the phases of Implementation era operation of the course. 

These outputs will' be related to the inputs, which we characterize 
in three general areas: the teaching institution, learners for whom the 
course of study is intended, and the course objectives. Thro.ugho.ut.,.JLtL- 
is assumed that the learning Objectives of the course have already been 
determined. The step on which Rand has been working is the point at 
which actual instruction must be planned and implcmented^TEor validation. 

The design process is intended to relate outputs to inputs so that 
the outputs \rfll be acceptable to the teaching institution, and so that 
the instructional system they describe will teach the course of study 
to the designated leamerc. We have made some progress in identifying 
the steps in the design process, determining their sequence, and dis- 
covering their Interrelationships. The results of this work will pro- 
vide school personnel with tools that will both make it easier for them 
to design new instructional systems and will help assure that their de- 
signs are comprehensive, coherent, and appropriate to their needs. We 
plan to autox&ate parts of the design process so that it will take a mat- 
ter of a few weeks or perhaps even a few Jays, rather than taking, say, 
several months to a year as it does at present. This will allow plan- 
ners to consider several possible alternative ways to conduct a par- 
ticular course so that they may choose the way that is most promising. 
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To our knowledge, a comprehensive methodology for instructional system 
design has not been devised. Thus, the work Is hot only challenging . 
but an exciting pioneering effort. k 
The first step Is to characterize the learners In, terms that will' 
affect the way the course will be taught (step 1, Fig. 2). For example, 
some learners may have alreaiy had experience In the particular field 
In which they will be ^studying and will not need to study some parts 
of the curriculum. The second step, wet believe,, Is to state general 
policy (step 2, Fig. 2). This is accomplished by having the planner 
answer a simple questionnaire, to be described shortly. The stater - 
inant of general policy can be heavily influenced by the analysis of ^ 
the learner population. 

The third step, the Curriculum Analysis, is dgpoted step 3a (Fig. 
^ because It Is Interrelated with the next step. This analysis Is a 
branching questionnaire and will be described by B«. Bretz immediately 
after my presentation. It guides the user In providing ^^detallted 
description of his' course of study ^ First* it categori?«e^ e^ch topii 
in the curriculum in "system-oriented" terms, such as whether the in- - 
structlou must be given in a classroonf or in a laboratory, whether it 
requires special equipment, or whether it requires a monitor- to ensure 
studtint safety. ■ 

''The Curriculum Analysis also characterizes each topic's require- 
ments for communication media. We have focused on communication jmedia 
for two reasons. First, media are playing an increasingly important 
role in education. Second, many people are unfamiliar with media and 
their uses and are looking for guidance in this area, which we believe 
we can provide. However, the design methodology does not specify 
that communication *med la must be used for eveiqy topic even though the 
Curriculum Analysis describes possible requirements for communication 
media for every topic. 

. 

*Polly Carpenter, k Deoision Prooess fo:^ Developing Strategies of 
Instruction, The Rand Corporation, R-1019-PR, March 1972. 

**Rudy Bretz, A Structured Queatiortnaire for Describing Learning 
Events in a Course of Study, The Rand Corporation, R-1020-PR, March 1972. 

. ***Rudy Bretz, Seleotion of Appropriate Cpmrunioation Media for 
Instruction, The Rand Corporation, R-601-PR, February 1971. 
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The next step will be the main subject- of the, discussion that 1 
vill give following this introductory material. It is the process for 
specif yiUig strategies of instruction, step 3b, This process is a logic 
tree, with each decision point a logical consequence of the decisions 
that have preceded it. To exercise it, the designer' will have two 
nijs^aa interactive computer program written in JOSS and a manual 
that presents the proa^and cons of the decisions to be made, at each 
point alnng with some of * the logical consequences of each choice. 

^ Step 3b is the point at yAi±c3x specif ications of instructional 
method are explicitly entered into the design process • The purpose of 
this step is to encourage the planner to consTder tho bulk of methods 
he may wish to use and to translate, his decisions into guidelines for 
system design. Thus, the process is not prescriptive in the sense that 
it champions no particular instructional method. Rather, it attempts 
to allow the planner to select and apply any method he may think appro- 
priate, from the formal lecr.ure to student-directed role-playing. 

The specification o^' strategies of instruction interacts closely 
with the C\5riculum AnalysJs (see Fig. 3). At the same time, the frame 
work for this specification is provided by the statement of general pol 
icy as well as by indirect input* from the teaching institution. 

' As used here, a strategy of instruction has two dimensions. For 
each type of instruction identified in the Curricuium Analysis, It spec 
ifles (1) whether a person or medium* will be teaching, and (2) how istu- 
dents will interact with this teaching. Shortly, I shall discuss the 

* 

way in which answers to these two questions specify a teaching method*. 
The strategy also permits specification of details of the use of media 
or personnel for each type of instruction, such as the level of skill 
the personnel should have. 

^Step 4, Fig*. 3, establishes a set of design criteria, input from , 
the teaching institution. They will be of the'^f ollowlng sort: least 



Rand* 8 on-*line, interactive computer system. 
Carpenter, op. cit. 
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cost, shortest course length, graduation of the oiost students, per uAit 
time, or maximum use of communication media. 'The planner would a^fsign 
each criterion ah order of Importance or a vaight. . 

Next, data describing the rate of student entry and the school's 
resources and constraints will also be gathered by means of a logically 
etructured set of "questions (step 5) . These data will include the num- 
ber of classrooms, laboratories, or other facilities, available; the 
existence of communication equipment such as television receivers in- 
stalled in the clRssrooms;- the geographical distribution of students, 
that is, whether they are all in one building or scattered throughout 
a campus or clty;-and-the number-of instructors ■available..-Ihe--re'8^ 
Ing description of local resources and student loads will be used in 
the final design process to specify .class size, select* specific media 
systems, 'and for other purposes. 
' : Now final system design 6an-begin (step 6, Fig. A). The direct 

inputs tc the design process will be the strategies of instruction, 
■4&taefr6m the Carrluuluia Analysis, tha design criteria, and the descrip- 
tion of local resources. Characteristics of the learner population, 
the stated general policy, and the general features of the course of 
study also enter into the design process indirectly. 

At present, we see the. design process as having four main compo- 
nenji^: First, each topic is linked to the strategy of instruction that 
has been chosen for that particular category of instruction. Second, 
student- flow through tlie course Is simulated by a flow and scheduling 
model in order to generate graduation rates and resource requirements. 
Third, a set of criteria is used to select specific media systems. 
(The Curriculum Analysis only identifies the class of media (for exam- 
ple, motion-visual) that might be used for a particular lesson. What 
' precise form the media system- should take (for example, silent 16-mm 
film) will^ specified by the strategies of instruction and other cri- 
teria.] Fourth, a set of criteria is used to assign personnel. There 



*An example of the application of the design process is described" 
by R. Petruschell and P. Carpenter in A Model for Implementing Instvuo- 
UondL Mraiegies Appl^^^^ Courses, The Rand Corporation, 

R-1021-PR, March 1972. 
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will be instances where a certain ntimber of people will be required to 
carry out a particular task, such as monitorii for safety; other per- 
sonnel requirements will depead on existing facilities, such as the 
number of students that can feasibly be assigned to a teacher in a 
- -irponi. The final step will ^be a, cost analysis to determine the 

. pendent dollar requirements for. the system, . 
' As noted above, the outputs of the design process will be course 
length, student flow, and time-dependent requirements for resources; 
all are useful for the planner He can then compare the requireifiints 
for resources with the resources he expects to be available to the - 
school to determine whether the syi?tem is economically feasible; he 
can also compare the outputs with requirements for general poticy and 
other inputs to determine whether they are what he wanted. If not, he 
pan change some of the initial specifications such as the strategies of 
instruction or the design criteria. Possibly, he would want to change 
the learner population, the coixvse of study, or jeyAn the general policy. 

Although these tools .compose a closely inuerrelaued stsl ol ele- 
ments Tor system design, several are useful in their own right. , For 
example, the decision process for setting instructional strategy con- 
tains a/comprehensive checklist of considerations in instructional sys- 
tem design^that can be used without the computer program if so desired. 
Similarly, the Curriculum Analysis helps the user -look at his subject 
matter in a methodical and systematic manner. . 
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